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Objectives. Devitalized tissue in a recalcitrant leg ulcer is common and may impede healing. The aim of this study was to
evaluate the use of a non-invasive low frequency ultrasound device to debride chronic leg ulcers as an adjunct to compres-
sion bandages therapy.
Methods. 19 patients with leg ulceration of at least 6 months were recruited. Low frequency ultrasound at 25 kHz was
delivered by a portable Sonaca e 180 via a handheld probe, using normal saline as the irrigation/coupling medium.
The ultrasound was applied for 10e20 seconds per probe head area onto the ulcer. Each leg underwent treatment at an
interval of 2e3 weeks with compression bandages reapplied at the end of the treatment. Serial colour photographs were
taken to evaluate the response at each visit.
Results. Each patient received on average 5.7 treatments each ranged from 5e20 minutes depending on the ulcer size.
Symptomatic relief (pain and odour reduction) was achieved in 6 patients. 7 patients achieved complete ulcer healing
(mean ulcer size¼ 4.72 SD 1.872 cm2) but no response was observed in 8 patients. There were no major complications
of the treatment which was relatively painless.
Conclusions. The application of low frequency ultrasound debridement may heal some recalcitrant ulcers when standard
compression regimens have failed. It is cheap and does not require admission. The role of simple wound cleansing requires
further investigation.Introduction
Chronic ulceration of the lower limb is a major cause
of morbidity, affecting more than 1% of the UK popu-
lation and its treatment costs more than £1 billion per
year.1 The majority of venous ulcers respond to appro-
priate compression but some ulcers are refractory to
all forms of therapy. Hippocrates2 suggested that ul-
cers healed better after they were ‘scarified’. Many
have suggested that healthy granulation tissue can de-
velop if leg ulcers are debrided of all non-viable tissue
to allow normal epithelialization to proceed.3e5 This
concept has never been evaluated in an adequately
powered study and some have even questioned
whether debriding a venous ulcer is of any value.6
Many forms of wound debridement have been de-
scribed. These include surgical, chemical, enzymatic,
mechanical and biological techniques.7 Sharp surgical
debridement offers the quickest and cheapest method
of removing necrotic and fibrotic tissue but is often
poorly tolerated because it is difficult to locally anaes-
thetise the ulcer base and a general anaesthetic may
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to be beneficial in speeding up wound healing. Dyson
et al.8 reported a significant improvement in wound
healing in a controlled trial when ultrasound was com-
pared to sham therapy in 25 patients with venous ul-
cers. Previous studies have utilised an ultrasonic
generator mounted to a footbath. Therapeutic ultra-
sound at lower frequencies has been used experimen-
tally as a means of wound debridement with
promising results.9e11 A more recent study of ultra-
sound given to patients with venous ulcers again
showed a significantly difference in healing with
a nearly 40% improvement compared to the control
group.12 These studies indicate that low frequency ul-
trasound may be of benefit when used in combination
with standard compression regimen.
The aim of this small prospective pilot study was to
evaluate the tolerability and effectiveness of low fre-
quency ultrasound in healing recalcitrant chronic leg
ulcers as an adjunct to compression bandages therapy
in an outpatient setting.
Patients and Methods
Nineteen patients who attended the outpatient clinic
for chronic leg ulcers were invited to participate inrved.
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than six months (Table 1) and had failed to respond
to standard compression regimens as evidenced by
a lack of reduction in ulcer size or by an increase in
ulcer size. Standard ulcer study assessment forms
were completed for each patient on enrolment. 13 pa-
tients had venous ulcers, 3 had rheumatoid ulcers and
2 had sickle cell ulcers. Patients with ischaemic ulcers
were excluded from the study. Venous ulcer was con-
firmed with a positive evidence of venous insuffi-
ciency on duplex scan and negative serology for
autoimmune diseases. The diagnosis of rheumatoid
ulcer was made by finding the characteristic changes
of rheumatoid arthritis in the hands and other joints,
positive serology for rheumatoid factors and no evi-
dence of venous or large artery disease in the legs.
Sickle cell ulcer was diagnosed on the basis of finding
a positive sickle cell trait and a negative autoimmune
serology with no venous insufficiency on duplex scan.
The patient’s age and the duration of the ulcer from
start of treatment were recorded. The study protocol
was approved by St Thomas’ Hospital Ethics Commit-
tee. Informed consent was obtained from all patients
who entered the study.
The initial ulcer size (in cm2) was calculated by
multiplying the maximum length and width of the
ulcer13 and this was measured on each attendance in
order to assess the ulcer response to the treatment.
Table 1. Patient demographic detail
Ulcer type Rheumatoid Sickle Venous
patient number 3 2 13
mean age (years) 71 28.5 63.5
sex ratio (f/m) 3/0 1/1 8/4
mean ulcer duration (months) 40.6 18.5 11.15
previous compression yes yes yes
Total number recruited¼ 19
Total median age 63 years (range 18e82 years)
Total mean ulcer duration 23.4 monthsThe ulcer was only accepted as healed when all scabs
were removed to reveal the intact underlying skin
with no exudate. Each patient received the topical
ultrasonic therapy once every 2e3 weeks. A single
operator administered the ultrasonic treatment and
then reapplied the three-layer paste compression ban-
dages14 which consisted of a Steripaste hypoaller-
genic paste bandage, Setopress compression
bandage and a Tubigrip bandage (SSL International)
to maintain consistency.
All dressings were left undisturbed until the next
treatment visit. Serial colour digital photos of the ulcer
were taken at the end of every treatment to evaluate
the response on each visit. Standard questionnaires
were completed during the treatment and any symp-
toms or side effects were also recorded. All patients
were followed up for a minimum period of 12 weeks.
Ultrasound Therapy
The ultrasound treatment was applied by a Sonacae
180 (So¨ring Inc. Germany) apparatus. This is a compact
unit that produces ultrasound at a low 25 kHz
frequency through a handheld probe. The working
frequency is permanently set. The So¨ring system uses
a high precision ceramic disc within the handheld
probe to convert electrical input to mechanical output
with almost 100% efficiency in generating ultrasonic
oscillation at the probe-tip (Sonaprobe) (Fig. 1). This
ensures less dispersion of the ultrasound and allows
better targeting of the treatment area. No thermal en-
ergy is generated hence no cooling system is required.
During the treatment, isotonic normal saline was
used as a coupling/irrigation medium between the
handheld probe and the ulcer. The ultrasonic ampli-
tude was set at maximum and the treatment was
applied for 10e20 seconds per probe head area
(1 cm 1 cm) onto the edges and surfaces of all theFig. 1. Sonaca e 180 with Sonaprobe jetting out normal saline.Eur J Vasc Endovasc Surg Vol 33, February 2007
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treatments at an interval of two to three weeks.
Result
The median age of the patients was 63 years (range
18e82 years). One patient had to be excluded from
the study as she was non-compliant with the protocol.
One patient died of an unrelated cause while being
followed up and another patient had to be admitted
to hospital with worsening ulceration during the
course of the study.
The ultrasonic treatment was otherwise well toler-
ated. Only 3 of the 19 patients experienced mild neg-
ligible pain at the start of the treatment. Two of these
complained of pain at the periphery of the ulcer dur-
ing the treatment and none developed pain that was
severe enough to necessitate interruption or abandon-
ment of the treatment prematurely. No analgesia was
used in the study. There was a noticeable reduction in
pain on subsequent treatments and by the third treat-
ment pain was no longer reported in any of the
patients. Seven of the 18 patents also reported a signif-
icant reduction in wound odour. There was no alter-
ation in skin temperature experienced around the
ulcer during or following treatment. Some patients ex-
perienced mild venous oozing from the ulcer surface
which ceased spontaneously within a few minutes.
There were no major complications of treatment.
The mean ulcer area at the start of the study was
4.72 cm2 1.872 cm2 (SD). A total of 95 treatments
were performed. Each patient received an average of
5.7 sessions of treatment, averaging 9.7 minutes of
treatment per session per ulcer15 (Table 2).
The ultrasound had a variable effect on the dessic-
cated necrotic tissue around the edges of the ulcers.
The fibrinous slough accumulated at the ulcer base
was easily removed but the harder fibrotic tissue in
the base of the ulcer was more resistant to removal.
This can be explained by the higher water content of
Table 2. Outcome at 12-week follow up
Ulcer type No. Mean Numbers
of
Treatment
Percentage
healInitial
ulcer
size SD
(cm2)
Duration
per
treatment
(minutes)
Rheumatoid 3 3.6 2.6 9.6 18 33
Sickle 2 4 1.13 10 13 100
Venous 13 6.56 3.39 10.25 72 31N
Total 18* 103 38.9
* One patient was excluded because of non-compliant with the
treatment and had not included in the analysis.
N One additional patient achieved complete healing outside the
12-week. Follow up period.Eur J Vasc Endovasc Surg Vol 33, February 2007the softer slough which may enable a more efficient
cavitational process to take place. In addition, tissue re-
moval is aided by the continuous mechanical flow of
irrigation fluid cleansing the ulcer bed of any residual
debris.
Over half of patients (55%) showed no visible
changes in the ulcer area during the treatment period
and their ulcers remained static. Seven patients (39%)
achieved complete ulcer healing in the subsequent
mean follow up period of 16 weeks (range 12e24
weeks). These consisted of one patient with a rheuma-
toid ulcer, two patients with sickle cell ulcers and four
patients with chronic venous ulcers (Fig. 2). Despite
the different aetiologies, all healed patients showed
a response within the first 5 sessions of treatments
compared with the ‘non-responders’. These ulcers re-
mained successfully healed for more than six months.
At the end of the 16-week follow up period, one addi-
tional patient with an unhealed ulcer continued to
show a steady reduction in ulcer sizes and the ulcer
eventually healed 21 weeks into the follow up period.
Discussion
This study was intended to be a pilot study to assess
the acceptability and tolerability of a novel form of
ultrasonic debridement on patients with sloughy,
fibrotic ulcers who had failed to respond to standard
compression regimens. Although there were no con-
trols in the study, it is reasonable to assume that
each patient served as his or her own historical control
as the mean duration of their respective leg ulcer was
over 20 months. These patients all failed to respond to
a standard compression regimens of at least six
months and benefit obtained by the ultrasound there-
fore appear to be over and above that achieved by
compression. This study demonstrated that over
a third of patients with recalcitrant ulcers healed
within 5 treatment sessions. An interesting obser-
vation from the study was that if no improvement of
healing had occurred after the fifth treatment, no addi-
tional benefit was gained by continuing treatment.
It is more than 70 years since ultrasound was first
suggested as a form of therapy16 in soft tissue injuries.
Ultrasound has since been used to treat a wide variety
of disorders. It has been estimated that over a million
NHS ‘ultrasound’ treatments are given annually.17
Local application of therapeutic ultrasound has been
shown to be potentially effective in the treatment of
chronic leg ulcers, albeit most of the knowledge of ef-
fects on living tissue has been gained through in vitro
studies and animal models. Ultrasound probably
influences tissue repair through its non-thermal effect,
237A Pilot Study in a Novel Venous Ulcers TreatmentFig. 2. Effect of Ultrasonic assisted treatments.which is achieved at intensities of less than 0.3
to 1 W/cm2. Ultrasound at these low intensities pro-
duces two effects: Stable Cavitation and Acoustic
Streaming. Cavitation is described as the formation
of oscillating micro gas bubbles9,18 which create
a shearing force against the tissue as the micro gas
bubbles implode on contact. Acoustic streaming on
the other hand is a unidirectional, steady mechanical
movement along the cell membrane and occurs as a
result of the mechanical pressure changes within the
ultrasound field. These effects cause changes in cell
membrane permeability and increase the diffusion
of cellular metabolites.8,19
The mechanical energy of ultrasound has been
shown to debride and cleanse wounds20,21 and it
may be that this property that speeds the healing
process by reducing the necrotic burden. The presence
of slough has been reported to inhibit the migration
of epithelial cells across the wound surface.22 There
remains a theoretical concern that the mechanical
force applied to the ulceration may ‘drive’ the
microbes into the deeper tissues making an ulcerwith bacterial colonization into one with a spreading
infection. This may account for the one patient who
was admitted to hospital with a worsening of ulcera-
tion and local signs of cellulitis.
The beneficial effect we observed from this study
may not be related to the ultrasound effects, but as
a result of an increased effort to improve the general
condition of the chronic ulcer by simple wound
cleaning. This effect has been observed in several
case reports.23,24 Further research is required to under-
stand the role and effect of the low frequency
ultrasound on chronic ulcerations. A prospective rand-
omised controlled trial is currently planned.
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